Results: The total number of ED visits in Maryland decreased by 36,531 (-1.2%) between the 6 quarters pre-ACA and the 6 quarters post-ACA. Medicaid-covered ED visits increased from 23.3% to 28.9% (159,004 additional visits), whereas uninsured patient visits decreased from 16.3% to 10.4% (181,607 fewer visits). Coverage by other insurance types remained largely stable between periods. We found no significant relationship between Medicaid expansion and changes in ED volume by hospital. For patients uninsured pre-ACA who returned post-ACA, the adjusted visits per person during 6 quarters was 2.38 (95% confidence interval 2.35 to 2.40) for those newly enrolled in Medicaid post-ACA compared with 1.66 (95% confidence interval 1.64 to 1.68) for those remaining uninsured.
INTRODUCTION
The expansion of Medicaid eligibility under the Patient Protection and Affordable Care Act (ACA) came into effect on January 1, 2014. The ACA was designed to expand health insurance coverage to uninsured Americans, and in addition to expanding Medicaid eligibility, the law provided a mechanism for expanding private insurance for those not eligible for Medicaid through the use of health care insurance exchanges combined with income-based subsidies. 1 Numerous studies have shown that uninsured patients disproportionately visit the emergency department (ED) for "nonemergency" conditions because of limited access to other health care services. [2] [3] [4] [5] [6] [7] Thus, part of the rationale for expanding insurance coverage was an expected decrease in ED patients who could be more cost-effectively treated in other care settings (eg, primary care facilities 8 ), as well as a reduction in ED crowding, which adversely affects patient outcomes. 9 Pre-ACA research on the effect of expanding insurance coverage, particularly Medicaid, on ED utilization has been mixed. In Oregon, because of limited funds, a lottery was used to expand Medicaid in 2008. This "natural" experiment found that individuals who gained Medicaid coverage increased their ED utilization by 41% compared with those who applied but did not gain coverage. 10 Moreover, a study of young adults "aging out" of private and Medicaid insurance found that they used the ED less frequently after losing coverage. 11 In Massachusetts, the most analogous experience to the expansion of insurance under the ACA, results were mixed. Studies found that insurance expansion in Massachusetts was associated with no change, 12 ,13 a decrease, 14 and a modest increase in ED utilization. 15 The
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Editor's Capsule Summary
What is already known on this topic Medicaid expansion was expected to decrease emergency department (ED) utilization, but most research has demonstrated an increase in utilization among newly insured patients.
What question this study addressed How did Medicaid expansion affect ED use among newly insured patients in Maryland, and how did this affect overall ED use?
What this study adds to our knowledge In Maryland, newly insured patients had more ED visits than uninsured patients, but overall ED use was unchanged.
increase in ED utilization was estimated to have been most pronounced in areas where Medicaid enrollment increased the most 15 and may have depended on the patient's previous insurance status. 16 Finally, studies of the ACA's provision allowing young adults to retain coverage under their parents' private health insurance plans showed decreased ED use by young adults. 17, 18 Studies of the ACA's effect on ED utilization have also been mixed. A large study of EDs across the United States found no increase in ED utilization after ACA implementation, 19 whereas a study of all EDs in Illinois found a modest increase in ED visits attributable to insurance expansion under the ACA. 20 Understanding the effect of insurance expansion, particularly Medicaid, on ED utilization is important for policy planning at both the state and hospital levels. This is particularly relevant because a Supreme Court ruling on the ACA enabled states to choose whether to adopt Medicaid expansion. 21 Maryland chose to expand Medicaid coverage, resulting in a large population of uninsured individuals newly eligible for Medicaid. This provided an opportunity to evaluate the effect of Medicaid expansion on ED utilization. The objective of this study was to examine the effect of Medicaid expansion on total ED visits in Maryland, and whether gaining insurance affected ED utilization among newly insured patients.
MATERIALS AND METHODS Study Design and Setting
We performed a retrospective cross-sectional study examining the relationship between type (or lack) of health insurance and total ED visits, stratified by individual ED, across Maryland between 2012 and 2015. In addition, we analyzed ED utilization patterns for uninsured patients who visited an ED pre-ACA and returned post-ACA.
We obtained administrative claims data for 48 EDs from Maryland's Health Services Cost Review Commission from July 2012 through December 2015. Two of the EDs were freestanding. Hospitals in the state must report detailed patient visit data to the Health Services Cost Review Commission to obtain reimbursement for care. The data included patient demographic information, diagnoses, and the type of insurance: commercial, Medicaid, Medicare, other (including coverage by other government programs and worker's compensation), and uninsured (including both self-pay and no-charge patients). Although data were anonymized, a unique patient identifier allowed returning patients to be tracked over time and between hospitals. Data were restricted to patients aged 20 years and older because adults were the primary targets of insurance expansion post-January 2014, and age data from the Health Services Cost Review Commission were reported in 5-year increments to ensure protection of privacy. Medicaid enrollment data, grouped by county, were obtained for 2012 through 2015 from the Maryland Department of Health and Mental Hygiene. 22 The study was approved by the Johns Hopkins Institutional Review Board.
Primary Data Analysis
To control for the initial expansion of insurance in 2014 when individuals were still being enrolled in Medicaid, we excluded the initial 6 months of 2014. The pre-ACA period was thus from July 2012 through December 2013, whereas the post-ACA Medicaid expansion period was from July 2014 through December 2015. The effect of changes in the percentage of Medicaid visits (pre-and post-ACA) on changes in the number of patient visits for each ED statewide was investigated with ordinary least squares regression. The analysis controlled for whether the hospital was a teaching hospital, which metro area it was located in (DC, Baltimore, or other), whether the hospital was a trauma center, and the percentage of the population served by the ED in the pre-ACA period who were either uninsured or receiving Medicaid (a measure of the degree to which a hospital is considered a safety net hospital), as well as the total number of patient visits to the ED in the pre-ACA period (a measure of ED size). An analysis using hospital-level fixed effects was also performed (Appendix E1, available online at http://www.annemergmed.com).
These results were further contextualized by examining individual patient utilization changes post-ACA, stratified by new insurance type. Individuals were included if they visited an ED in both the pre-and post-ACA periods. Insurance groups included patients who returned and were uninsured for all visits, were covered by Medicaid for all visits, were covered by commercial insurance for all visits, or returned with alternate insurance (eg, Medicare) or had multiple visits with different insurance types. The measurement of the effect of the ACA on utilization (ie, adjusted average visits in the post-ACA period) for this population was estimated with a negative binomial regression that controlled for patient characteristics (sex, race, ethnicity, and age) and health status (Charlson comorbidity index), as well as the hospital visited. Analysis was conducted with R (version 3.02; R Core Team, Vienna, Austria) and Stata (version 14; StataCorp, College Station, TX).
RESULTS
The number of people covered by Medicaid in Maryland increased more than 20% between the 2013 and 2015 ( Figure 1 ). The majority of new enrollees were in the most populous counties in Maryland (Baltimore City and County, Prince George's, and Montgomery), which accounted for 63% of total Medicaid enrollees in Maryland. Increased Medicaid enrollment resulted in a significant change in the ED payer mix. The percentage of ED visits by patients covered by Medicaid increased from 23.3% in the pre-ACA period to 28.9% in the post-ACA period, whereas the number of patients without insurance declined from 16.3% to 10.4% ( Figure 2A ). Medicare and commercial payers increased 1.4 percentage points and decreased 1.6 percentage points, respectively. The change in the payer mix resulted in an overall 37% decrease in uninsured visits from 495,200 during the pre-ACA period to 313,593 during the post-ACA period, with every ED in Maryland experiencing an absolute decrease in the percentage of uninsured patient visits except for one that first opened in 2014 ( Figure 2B ).
The total number of ED visits decreased by 36,531 (-1.2%) between the 6 quarters pre-ACA and the 6 quarters post-ACA. This was largely because the number of visits in 2012 quarter 3 (July to September) was greater compared with that in the later third quarters ( Figure 3A ). Despite significant variability in the number of arrivals at each ED between the pre-and post-ACA periods, we observed no significant effect of the ACA on the total number of patients arriving in an ED ( Figure 3B and Table E1 , available online at http://www.annemergmed.com).
There were 289,461 uninsured patient visits to an ED in Maryland in the pre-ACA period. The demographics and ED visit frequency of this uninsured cohort was compared with that of patients covered by Medicare, Medicaid, or commercial insurance pre-ACA (Table 1 ). The average ED utilization (ie, number of visits per person) for Medicare and Medicaid patients was greater than that of patients who were uninsured or commercially insured.
Among patients who visited an ED without insurance in the pre-ACA period, 67,828 (37%) made at least one visit to an ED in the post-ACA period. For this returning cohort, 19,266 (28%) remained uninsured for all visits; 20,769 (31%) were consistently enrolled in Medicaid, 10,367 (15%) consistently had commercial insurance, and the remaining 17,426 (26%) returned covered by alternate insurance or had multiple visits with different types of insurance (Table 2 ). In the latter group, the majority of the 68,618 visits were covered by Medicaid (41%), followed by uninsured (31%), commercial insurance (14%), Medicare (8%), and other (6%).
The adjusted visits per person in the post-ACA periods for those remaining uninsured was 1.66 (95% confidence interval [CI] 1.64 to 1.68), whereas for those returning with Medicaid, it was 2.38 (95% CI 2.35 to 2.40), a 43% increase in utilization (0.72 more visits per person). Patients with commercial insurance had a lower adjusted utilization rate of 1.59 (95% CI 1.57 to 1.62) visits per person, whereas those with a mixed status had a higher rate of 3.72 (95% CI 3.69 to 3.76). By comparison, the unadjusted average ED utilization for patients who visited the ED in both the pre-and post-ACA 6-quarter periods and were continuously covered by Medicaid was 3.29 (95% CI 3.26 to 3.32), whereas for the 89,941 Medicaid patients treated in the 6-quarter post-ACA period who had not visited an ED in the 6-quarter pre-ACA period, the unadjusted ED utilization rate was 1.73 (95% CI 1.71 to 1.74).
LIMITATIONS
First, the effects of Medicaid expansion on uninsured individuals were measured as changes in ED utilization rates among patients who returned rather than among all eligible The black line is the linear regression of the relationship, demonstrating no significant relationship between these 2 variables controlling for hospital characteristics, and the gray area is the 95% CI of the regression. The size of the dots corresponds to the volume of arrivals each hospital had in the pre-ACA period. The volume of the hospital was not significantly correlated to the change in total arrivals. individuals because we were unable to account for changes in insurance status among those who did not return.
Second, although the proportion of individuals uninsured in Maryland is consistent with the national average, differences in state policies may limit generalizability to other states. Most notably, the Health Services Cost Review Commission sets fixed rates for all payers. However, our results were broadly consistent with the pre-ACA experiences in Oregon and Massachusetts, as well as initial post-ACA analyses nationwide. *These are patients who were uninsured in the pre-ACA period and returned in the post-ACA period and either remained uninsured or returned with Medicaid. † Uninsured patients in the pre-ACA period who returned in the post-ACA period with alternate insurance or had multiple visits with different insurance status. ‡ Adjusted for patient characteristics (sex, race, ethnicity, and age) and health status (Charlson comorbidity index), as well as the hospital visited.
Third, in Maryland, a new global payment system for hospitals was enacted to provide hospitals with a financial incentive to reduce wasteful spending, which may confound changes in ED utilization. 23 Fourth, the majority of Medicaid patients in Maryland are enrolled through managed care organizations that control patients' hospital and physician choices, which may be different from how Medicaid enrollment works in other states.
Fifth, as with any analysis of large data sets, issues of data completeness and integrity can bias the results if there are systematic errors.
Sixth, Medicaid expansion through the ACA went into effect on January 1, 2014, but recruitment and enrollment efforts were not static through the study period, although we attempted to account for that by excluding the first 6 months of 2014, which was the period of greatest change. In addition, there may be differential hospital or regional effects of the ACA. Some hospitals or regions may have been more effective in linking insured patients to primary care. Despite these limitations, if insurance were the dominant factor in ED utilization, the significant increase in Medicaid enrollment during the study period would have more significantly affected ED visits.
DISCUSSION
Despite studies of the effects of insurance expansion in Oregon and Massachusetts before the ACA, as well as newer post-ACA studies, uncertainty exists in regard to the effect of Medicaid expansion on utilization of ED services. Although individuals randomized to receive Medicaid in Oregon visited the ED significantly more, 10 data from Massachusetts on total ED utilization were mixed, but did not show large increases in total ED utilization. [12] [13] [14] [15] Post-ACA studies on the effect of Medicaid expansion on ED utilization have also been mixed, with one state-level study finding an increase 20 and a large multistate study and a partial study of Maryland finding no increase. 19, 24 Our results describing the effect of the ACA on Maryland EDs suggest a reason for the contradiction between increased individual-level utilization and little or no change in ED volumes: a small number of newly insured patients utilized the ED more, but not in numbers that greatly influenced the total number of ED arrivals at a hospital or state level. The population of uninsured individuals in the pre-ACA period who returned to the ED with Medicaid accounted for only 6% of all Medicaid visits and less than 2% of all visits.
Although we found no significant relationship between Medicaid expansion and ED utilization at the hospital level, we did find that the average utilization rate for uninsured individuals who visited an ED in the pre-ACA period and enrolled in Medicaid was 43% greater (0.72 more visits per person) than for patients who remained uninsured. The average increase in ED visits was higher in magnitude than the difference observed in the Oregon lottery study, although it was a similar relative increase. 10 Despite the differences in methodology, the similarity of the results strongly suggests that increased access to insurance does lead to an increase in ED utilization at the individual level. However, this was true only for individuals who gained Medicaid and not those who gained commercial insurance. This likely points to a self-selection bias because returning patients newly enrolled in Medicaid tended to be older and have more comorbidities compared with those who remained uninsured or who gained commercial insurance.
The ED utilization rate post-ACA among patients newly insured with Medicaid remained lower than that of patients who were enrolled in Medicaid pre-ACA. One potential reason for this is that Medicaid expansion was brought about by raising the income eligibility threshold. The affected population may utilize the health system differently than individuals already enrolled in Medicaid. The lack of change in total ED volumes pre-and post-ACA, and the higher rate of ED utilization by Medicaid patients, suggests that patients in lower-income areas with a high proportion of the population covered by Medicaid may disproportionately rely on EDs for episodic care because of a lack of alternatives. 25 Despite the rapid increase in urgent care centers and retail clinics during the last decade, the majority of them are not located in lower-income neighborhoods, in part because of low insurance coverage. 26, 27 Although our results give context to some of the mixed results observed between limited overall ED utilization and individual increases in utilization, features of Maryland's payment system affect the generalizability of this study. Since the 1970s, Maryland has had in place a single-rate system in which all payers pay the same rate for hospital services. 23 This single-rate system was amended in 2014 to include a global budget cap in which hospitals receive a fixed annual amount for inpatient and hospital-based outpatient services. 23, 28 The global payment system's goal is to shift Maryland hospitals away from volume-based payments and toward quality-oriented pay-for-performance models aimed at reducing patient avoidable utilization. This gives hospitals incentive to invest in population health because changes in payer mix yield little financial benefit. Increased insurance coverage makes it easier to connect patients to other services 29 ; thus, hospitals have invested in ensuring that patients are enrolled in programs for which they are eligible, such as Medicaid, even though, as discussed above, this may be associated with increased utilization of the health care system. Evidence of the effects of these contrasting goals is lacking.
Medicaid expansion caused by the ACA has been implemented in 29 states. 30 In Maryland, newly enrolled Medicaid patients used the ED significantly more than those who remained uninsured. However, these incremental visits were marginal and had no appreciable effect on total ED visits at the hospital level or in aggregate across Maryland, even in hospitals serving large proportions of uninsured and Medicaid patients. Our results suggest that in the short term, expanding Medicaid coverage in Maryland did not lead to significant changes in overall ED utilization. Author contributions: EYK conceived of the study and wrote the article, had full access to all of the data in the study, and takes responsibility for the integrity of the data and the accuracy of the data analysis. EYK, MFT, and GC obtained data. EYK and MDM analyzed the data. SL, MFT, TX, GC, and GDK provided critical revisions to the article. EYK takes responsibility for the paper as a whole.
All authors attest to meeting the four ICMJE.org authorship criteria: (1) Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of data for the work; AND (2) Drafting the work or revising it critically for important intellectual content; AND (3) Final approval of the version to be published; AND (4) Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.
Funding and support: By Annals policy, all authors are required to disclose any and all commercial, financial, and other relationships in any way related to the subject of this article as per ICMJE conflict of interest guidelines (see www.icmje.org). The authors have stated that no such relationships exist. Dr. Xu was supported by a medical student research grant from Society for Academic Emergency Medicine/Emergency Medicine Foundation Fellowship. significant for before Medicaid expansion, suggesting that these hospitals tended to receive more visits. In an effort to better control for year-to-year differences, we included year fixed effects in column 3. Given its obvious collinearity, we dropped the stand-alone Medicaid expansion indicator in column 3, including it only as an interaction with the different safety net groups. Here we continued to find that SafetyNetGroup4 was significant and the ACAÂSafetyNetGroup4 was marginally significant, further suggesting the hospitals serving this subpopulation accounted for the bulk of the resulting reduction in hospital visits.
In columns 4 through 6, we performed a similar ordinary least squares model, using the percentage of uninsured patients as the dependent variable. To avoid endogeneity with the expansion of Medicaid, we used the (1-year) lagged safety net group identifier. Here we found a consistent effect of Medicaid expansion, reducing the percentage of uninsured patients across all specifications. Furthermore, the effect was significant for each of the subgroups. The magnitude of this reduction was the largest for hospitals serving the most vulnerable subpopulations (SafetyNetGroup4). 
